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DR. RACHEL SMULLEN

Grew up on the west coast (CA/OR)
Physics at UWyoming (BS 2014)

Astrophysics at UArizona (PhD 2020)

Now postdoc in computational physics @ LANL

M rsmullen.github.io

I enjoy hiking, cooking,
reading, traveling, and more!

I use simulations to study how stars and planets form
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http://rsmullen.github.io
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DR. SOUML DE

Grew up in India
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Completed undergrad in Physics in India

Moved to the USA 1in 2015

PhD in Physics @ Syracuse University (2020) AN

soumide@lanl.gov

Now computational physics postdoc @ LANL

I write computer programs to hunt
I get ’Fo learn.sometf.ﬁng.new everyday through my re§earch & for black holes and neutron stars
work with amazing scientists around the world —-- this
motivates me in my job
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HOW SIMULATIONS HELP US UNDERSTAND OUR UNIVERSE

Rachel Smullen & Soumi De



Rachel Smullen
Rachel Smullen & Soumi De


THE UNTVERSE 1S MADE UP OF MANY ASTONISHING OBJECTS, SUCH AS. .

Galaxies P oh Black holes

AND S0 MUCH MORE! Planets



WE CAN LOOK OUT INTO THE UNTVERSE WITH TELESCOPES AND OBSERVATORTES

Black holes

Planets



THE UNTVERSE 15 GOVERNED BY SURPRISINGLY STMPLE PHYSICS

e Gravity 3 o W
e Fluid dynamics @

e Radiation

e Magnetic fields C

e (Atomic) Chemistry



SIMULATIONS (AN Crecipe” for

HELP US UNDERSTAND

10W THE UNIVERSE
WORKS




WHAT 15 A SIMULATION?

Start with ingredients

flour, sugar, butter stars, gas, planet(esimals)

Follow recipe to combine

stir until combined add 1in physics (e.g., gravity)

Cook/Bake

put in oven run on a (super)computer




50... WHAT CAN WE DO
WITH SIMULATIONS!



Remember that observations give us a very simple view of something at a snapshot in time.

Simulations allow us to study the physics and evolution of

things we see in detail

Space Telescope Science Institute


https://docs.google.com/file/d/1WIVrZfcyjRXArvIs_R8UOp62bLWqGNXR/preview

We cannot see black holes
directly with telescopes...

So how do we observe them and how
do we understand their physics?!
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As black holes in the universe move around
each. other they produce ripples in the
fabric of space-time, information about
which propagates out at the speed of light
as gravitational waves
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The LIGO observatories have the technology to detect ripples in space-time as
gravitational waves squeeze and stretch the Earth by the width of a human hair
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GRAVITATIONAL WAVES SHOW UP AS “BLIPS™ TN THE DATA.
BUT WHAT TYPE OF BLACK HOLES MAKE THIS STGNAL!
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https://docs.google.com/file/d/1st3waJl9cpF1ZSGZ4VkzwSsJ09KS4OIc/preview

Ingredients:
Black Holes

Phys-ics:
Gravityx



https://docs.google.com/file/d/1gDrLsOIZSU1UL5xMEqfKz3q1n_gIzHzv/preview

How can we learn more about

planets than we can directly
observe?
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WE DISCOVER EXOPLANETS THROUGH THE TRANSIT METHOD

For the ~4000 planets discovered with transits, we get two
pieces of information:

*The size of the planet *The length of the planet’s year




SIMULATIONS HELP SHOW THE INTERACTIONS BETWEEN PLANETS

Ingredients: Star, planets Physics: Gravity

Trappist-1
7 Earth-1like
planets that
orbit closer

than Mercury
The planets are 1in
a special
configuration
called
resonance,
which makes music
in this simulation.



https://docs.google.com/file/d/1ypovUsojpkAv4Qw5fKuzepLBtNgAFlW5/preview

How does a galaxy evolve

from the Big Bang to today?
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SIMULATIONS HELP US FIGURE OUT THE PRYSICS BERIND THE PRETTY PICTURES

Ingredients: Gas, stars... Physics: Gravity, fluid dynamics,
magnetic fields, radiation, chemistry

IllustrisTNG
One of the
biggest
cosmological
simulations
(a simulation
of the universe
from beginning
to today)
ever run



https://docs.google.com/file/d/1PsTwuHYx4HBrsb86-b0ApdYTXUcrRgYc/preview

+ THROUGH RELATIVELY SIMPLE PHYSICS

* (ANDA LLTTLE COMPUTER MAGL)
~ SIMULATIONS CAN HELP US BEGINTO
_ UNDERSTAND THE SECRETS OF THE UNIVERSE
Y —



LET"S DO SOME SCIENCE!

Breakout Room #1: Breakout Room #2: Breakout Room #3:

Find black holes 1in Make (and break) planetfSFigure out how far away
LIGO data with Soumi! systems with Rachel! galaxies are with Asia!

SIGNAL




